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Abstract

Introduction:

The Intensification of Industrial Activities in the City of Douala is Accompanied by Strong
Urban Growth. This Situation Contributes to a Deterioration in Water Quality, Particularly
Through the Discharge of Pollutants, Leading to a Cause for Concern About Their Effects on
People's Health. The Aim of This Study is Therefore to Assess the Prevalence of Health
Problems Among Residents Living Around Industrial Zones.

Methodology:

A Cross-sectional and Analytical Study Was Conducted With Residents of the Main Industrial
Areas of Douala From January 2024 to July 2024 (7 Months). Every Inhabitant of This Zone
Aged 21 Was Included in This Study. The Data Were Collected Using a Structured
Questionnaire That Covered Socio-demographic Information, Water Use Habits and Medical
History. Analysis Was Carried Out Using Excel 2015 and Spss 20 Software to Explore
Associations Between the Variables Studied.
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Results:

The Study Included 1,023 Participants (That is, 489 Women and 534 Men), With a
Predominance (49.9%) of Young Adults Ranging From 20-30 Years. Around 80% of the
Participants Used Alternative Water Sources, Often of Uncertain Quality. The Most Frequently
Reported Health Problems Were Digestive Disorders (92.1%; P<0.001), Joint Pains (86.1%;
P<0.001), Skin Ailments (77.6%; P<0.001) and Water-borne Diseases (72.6%; P<0.001), With
Higher Rates in Households Located Near Industries. The Results Show a Correlation Between
the Use of Potentially Polluted Water and the Appearance of Certain Pathologies. The Proximity
of Homes to Industrial Sites, Combined With Dependence on Alternative Water Sources, Could
Contribute to Prolonged Exposure to Contaminants. These Observations Are Consistent With
Other Studies Conducted in Similar Contexts.

Conclusion:
This Study Shows a Link Between ‘industrial Water Pollution’ and the Health of People Living
Near Industrial Zones in Douala.

Keywords: Pollution, Industrial Zones, Water, Health Problems, Douala.

Introduction

Global industrialization has expanded significantly in recent decades, leading to major economic
transformations and rapid urbanization. However, this industrial growth is often accompanied by
adverse effects on the environment and public health (Onounga et al. 2023). Industrial activities
are a major source of air, water, and soil pollution, exposing the surrounding populations to
various harmful pollutants (Ngugi et al. 2022). In Africa, where the challenges of managing
industrial zones are still numerous, industrial emissions are responsible for the ongoing
degradation of water resources, endangering the health of local communities and of the
surrounding biodiversity (Samantha, 2021).

Today, only 50% of the population of Douala is connected to the public drinking water supply
network, managed by the Cameroon Water Utilities Corporation (Camwater). As a result, a
majority of households rely on alternative sources, such as boreholes, wells and natural water
points to cover their water needs (Mbida Mbida et al. 2017, Nlend et al. 2018).

These communities, which are particularly vulnerable to harmful environmental exposure, are at
high risk of developing health problems. Studies such as Ngo Boum et al. (2023) have revealed
the presence of heavy metals, particularly lead and mercury, in the waterways that flow through
the industrial zones of Douala. However, specific data concerning the impact of industrial
pollutants on the health of the population of Douala remain limited. This work aims to explore
the influence of residential proximity to industrial areas on the prevalence of health problems.
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Materials and Method:

We conducted an analytical cross-sectional study in the industrial areas of Douala, Cameroon.
The aim of this research was to study the relationship between residential proximity to industrial
zones and the frequency of health problems. Through a quantitative analysis of data, we
identified the associated risk factors and assessed their impact on the health of the local
population. A consecutive non-probability sampling was used. The minimum sample size was
calculated using Lorentz's formula: N =384 participants for each industrial zone. In order, to
cover all industrial zones, the size of the initial sample was increased to a total of 1023
participants.

Our sample population consisted of households in which each participant received an
information leaflet detailing the aims of the study, the advantages, and disadvantages of
participation, as well as the ethical considerations associated with the research. Only participants
who had given their consent were selected and invited to answer a multiple-choice questionnaire
developed on the basis of the study by Blaise et al. (2023).

The information collected from the questionnaire was supplemented by visual observations of
the areas studied. The aim of these inspections was to identify possible direct industrial
discharges into watercourses or seepage into groundwater likely to affect the quality of surface
and water tables. The study was carried out with the prior agreement of the heads of the
institutions concerned. It has scrupulously respected ethical and scientific principles, namely:
clearly defined objectives, an exclusive use of data collected for research purposes, and
guaranteed anonymity of participants throughout data processing.

Access to the information collected was strictly limited to members of the research team. The
data was treated with the utmost confidentiality, in compliance with current regulations and
ethical standards in the field of research.

The data collected was carefully organized and verified to ensure its quality and consistency. A
descriptive analysis was carried out to summarize the socio-demographic characteristics of the
participants and the variables studied, using frequencies, proportions, and averages.
Subsequently, a bivariate analysis was then carried out to explore the relationships between the
independent variables, such as residence in industrial zones, and the dependent variable like the
presence of health problems.

Excel software was used to present the results in the form of tables and graphs, accompanied by
a detailed and contextualized interpretation.
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Results:

1. Socio-demographic data

1.1 Distribution of the population by sex:
Our sample comprised 1023 participants, 489 women and 534 men, with a M/F sex ratio of:

1,00.
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Figure 1: Breakdown of the population by gender

1.2 Breakdown of the population by age group:

The average age of the participants was 37.64 + 9.35 years, with extremes ranging from 21 to
over 50 years. The most represented age group was the 20-30, which made up almost half of the

sample (49.9%).
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Figure 2: Population distribution by age group

1.3 Population distribution by location

Figure 3 shows that Bonaberi is the most densely populated industrial zone, accounting for 50%
of the inhabitants of Douala's industrial zones, or 511 people out of a total of 1.023.
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Figure 3: Population distribution by location zone
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1.4 Distribution of sources of water supply for the population

Figure 4 shows that only a minority of the population living in Douala's industrial zones, i.e.
20%, use the drinking water supplied by Camwater. Most residents (80%) obtain their water
from alternative sources, such as boreholes (45%) and wells (35%), although the quality of the
water consumed is not necessarily guaranteed.

Camwater

wWalls

boreholes

Figure 4: Distribution of sources of water supply for the population

2.1 Reported rates of health problems in Douala'’s industrial zones

As shown in Figure 5, people living in Douala’s various industrial zones report a variety of health
problems, represented as follows. Thus, 92.1% of participants reported digestive problems,
86.2% complained of muscular pains, 77.6% had skin problems and 72.6% suffered from
diarrhea. On the other hand, cases of cancer and congenital malformations were relatively
infrequent.
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Figure 5: Frequency of declarations of health problems in industrial zones in the Littoral region
of Cameroon.
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Table 1: Frequency of muscular pain by industrial zone

Locality Total
Muscular pains Sic Bonabéri | Hysacam | Lycée Mabanda | Ndogsimbi Mo_bile Prometal | Others
Cacao d’oyack Guiness
Workforce 54 127 67 101 221 31 58 217 5 881
Yes | Workforce % | 68,3% | 86,3% 76,1% | 90,9% 92,0% 775% | 84,0% | 91,5% |41,6% | 86,2%
Workforce 25 20 21 10 19 9 11 20 7 142
No | Workforce % | 31,4% | 13,6% 23,8% 9,0% 7,9% 22,5% 15,9% | 8,4% 58,3% | 13,8%
Total | Total 79 147 88 111 240 40 69 237 12 1023
workforce
Total % 100% 100,0% | 100,0% | 100,0% 100,0% 100,0% | 100,0% | 100,0% | 100,0% | 100,0%

P-value < 0.001

Table 1 shows that the Prometal area has the highest prevalence of muscular pain, with 91.5% of cases, followed closely by Bonaberi,
where 86.3% of residents reported suffering from it. Conversely, the Ndogsimbi area had the lowest prevalence, with only 31 cases
reported.

Table 2: Frequency of skin disorders by locality

Locality Total
Skin disorders Sic Bonabéri | Hysacam | Lycee Mabanda | Ndogsimbi Mo_bile Prométal | Others
cacao d’oyack Guiness

Workforce 47 107 178 93 121 51 100 81 15 793
Yes

Workforce |59,4% |84,2% 89,4% | 71,5% 75,6% 73,9% | 79,3% 72,9% |68,1% | 77,6%

%

Workforce 32 20 21 37 39 18 26 30 7 230
No

Workforce 40,5% | 15,7% 10,5% 28,4% 24,3% 26,0% 20,6% 27,0% | 31,8% | 22,4%

%

Total 79 127 199 130 160 69 126 111 22 1023
Total | workforce

Total % 100% | 100,0% | 100,0% | 100,0% 100,0% 100,0% | 100,0% 100,0% | 100,0% | 100,0%

P- value < 0,001

Table 2 shows that residents of the Hysacam zone have the highest frequency of skin disorders, affecting 89.4% of residents, followed
by Bonaberi where 84.2% of residents are affected. Conversely, the Sic cacao zone recorded the lowest frequency, with 47 cases.

Discussion:

The aim of this study was to investigate the health problems generated using water around the industrial zones of the city of Douala in
Cameroon. It shows that the population in these zones is very young. The study population consisted of 1,023 participants being 489
women and 534 men, representing 91.3% of the population previously mentioned. The average age of the participants was 37.64 +
9.35 years, with extreme values ranging from 20 to over 50 years.

The most represented age group was the 20-30 years age group, which constituted almost half of the sample (49.9%) population. This
predominance can be attributed to several factors, including the search for employment opportunities, particularly abundant in
industrial areas which are characterized by a wide range of industrial and commercial activities.

In addition, this young population was more accessible and more willing to take part in a survey on environmental and health risks.
Compared with other studies conducted in similar contexts, this age distribution seems consistent with trends observed in industrial
areas where the working population is predominantly young Hegazy et al. (2020).

The results of our work showed that Bonaberi is the most represented industrial zone, accounting for 50% of the study population, that
is, 511 people out of a total of 1,023 (one thousand, twenty-three).

These observations are in line with the work of Moghimi et al. (2024), who demonstrated that residential areas located near strategic
infrastructures, such as ports or industrial complexes, favour rapid urbanization and high population density.

According to our data, only 20% of the population living in the industrial zones of Douala use the drinking water supplied by the sole
National water company (CAMWATER), a rate similar to that reported by Ngo Boum et al. (2023).

This low supply of drinking water could encourage the population to resort to alternative sources, such as boreholes and wells, despite
the risks of contamination, as pointed out by Gisele (2017).
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These observations are in concordance with the work of Foster et al. (2020), who reports that in
many parts of sub-Saharan Africa, a large proportion of rural and peri-urban populations are
turning to alternative water sources, such as boreholes and wells, because of an inadequate public
supply network.

A study conducted in Cameroon by Santsa et al. (2022) found that untreated water used for
daily activities can be contaminated with pathogens, thus exposing people's health to significant
risks. In addition, the use of this water in agricultural (97.4%) and related activities, such as
livestock rearing and gardening (95.9%), could favor the accumulation of pollutants in
agricultural and animal products. These practices represent an indirect risk to human health, as
highlighted by Soumbougma et al. (2020), who have established a link between irrigation with
contaminated water and the accumulation of heavy metals in crops.

Industrial areas, which are often exposed to various types of pollution, are breeding grounds for
the development of a wide range of pathologies. This situation raises major concerns about the
health risks to which residents are exposed (Kouamé et al. 2014).

Water contaminated by industrial discharges fusions with tidal waters, infiltrating the water
tables. This phenomenon directly compromises water resources intended for domestic
consumption. This contamination encourages the emergence of non-transmitted diseases,
increasing the vulnerability of population living in these industrial areas. As a result, people
living in these high-risk areas are particularly exposed to certain pathologies, notably water-
borne diseases, which have accounted for more than 60% of medical consultations in recent
years (Gisele, 2017). The results of our study revealed a high prevalence of muscular pain
among people living near the industrial zones of Douala, with significant inequalities between
localities. The Prometal area for instance, recorded the highest prevalence (91.5%), followed by
Bonabéri (86.3%) and Oyack (90.9%). In contrast, the Ndogsimbi area has the lowest
prevalence, with only 31 cases reported. These disparities seem to be linked to the intensity of
industrial activities and increased exposure to certain polluting agents, in particular heavy metals
such as lead and cadmium, which are known to cause muscular disorders Adeyemi et al. (2021).

Previous studies have shown that chronic exposure to these substances can lead to muscular
disorders such as myalgia and muscle weakness (OMS, 2021; Ismanto et al. 2022). The most
affected areas, such as Prometal and Bonaberi are characterized by a high concentration of
industrial activities, which could explain higher prevalence levels. Conversely, areas such as
Ndogsimbi, with an average rate of muscular pain (77.5%), could benefit from reduced exposure
to pollutants with a low density of industrial activity or a relatively more favorable healthy
environment. These results are in line with those of Schraufnagel et al. (2019) who found a link
between proximity to industrial areas and an increased risk of musculoskeletal diseases.

Our study revealed that the distribution of health disorders varies according to distance from
industrial zones. Populations residing less than 5 kilometers from these zones have a higher
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incidence of health disarrays. Prolonged exposure to high levels of toxic products from industrial
emissions contributes to progressive impairment of organ functions in the long term. This link
between proximity to industrial zones and the health problems observed in residents demonstrate
the crucial role played by industrial zones in deteriorating the health of local populations. Like
muscular pain, skin disorders are common in these areas, where residents are exposed to various
pollutants. The results show significant variations in the frequency of skin disorders depending
on the areas studied. The Hysacam area (Hygiene and cleanliness in Cameroon) recorded the
highest frequency, with 89.4% of cases reported (despite being a hygiene and sanitation
company), followed by Bonaberi with 84.2%. In contrast, the Sic Cacao area, which is less
industrialized and has a more controlled environment, has a low prevalence of skin disorders.
This suggests that low levels of industrial activity result in a low incidence of this type of
pathology. The high incidence of skin disorders in the Hysacam and Bonaberi areas may be
attributed to the intense waste management activity concentrated there, combined with the
absence of strict environmental control policies, as well as working and living conditions that
expose residents to irritating substances. Direct contact with waste, particularly through informal
recycling activities, exposes people to more of these harmful substances, increasing the risk of
developing dermatitis in exposed populations Coulibaly et al. (2023)

The prevalence of mental disorders varies between industrial zones, reaching 41.3% in the
Oyack high school zone, while no cases were declared in the Sic Cacao zone. This variation
could be explained by a combination of environmental and socio-economic factors specific to
each zone. This zone, which has the highest rate of reported mental disorders, is heavily exposed
to industrial pollutants. Prolonged exposure to certain contaminants, such as heavy metals, is
associated with neurological changes and the commencement of psychological disorders, which
could contribute to the increase in mental disorders in this area (Kengni et al. 2012, Etoh et al.
2016). These factors could explain the high prevalence of mental disorders in this area. The
study by Vardhan et al. (2019) in India shows that exposure to industrial pollutants has had
adverse consequences on mental health, by causing anxiety, depressive and cognitive disorders.
The data in this study show that cancer rates vary according to industrial zone, with a particularly
high incidence in the Mabanda zone (38.9%). A review by Silva et al. (2024) emphasizes that
environmental pollution is a major risk factor for certain types of cancer, particularly lung,
bladder, and kidney cancer. The high incidence observed in Mabanda could be linked to its
proximity to industries that emit carcinogenic substances such as heavy metals. In addition, a
study by Cazolla et al. (2023) in Italy shows that industrial areas with a high concentration of
polluting activities, such as refineries or chemical plants, are associated with a higher incidence
of cancer among neighboring populations.

Prolonged exposure to industrial pollutants, which have the capacity to accumulate in
agricultural produce (the main source of food for local populations), can lead to developmental
disorders in children living in industrial areas Fantong et al. (2016). In the Hysacam area, where
the stunting rate is at its highest, the presence of waste management industries and other
industrial infrastructure could be a significant source of pollution, likely to affect children's
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growth. These pollutants disrupt the absorption of essential nutrients and cause chronic
gastrointestinal disorders that can hinder the normal development of children Zaynab et al.
(2022). Furthermore, Tatou R et al. (2017) reveal that children living near industrial areas had
higher rates of stunted growth and malnutrition rates due to the consumption of food
contaminated by polluting substances. The Sic Cacao area, which has no cases of stunting,
benefits from a healthier environment, with less exposure to industrial pollutants and better
access to health and nutrition facilities. According to data from the World Health Organization
(WHO), the prevalence of growth retardation among children under 5 in Cameroon was 32%,
with higher figures in industrial areas in 2014. Bonaberi, which is the main industrial zone in
Douala, is home to a variety of manufacturing, chemical and processing industries whose
activities expose residents to various teratogenic agents and could contribute to the high
prevalence of congenital malformations. Likewise, studies such as Yaakov Bentov et al. (2006)
show that populations living near industrial zones are at increased risk of congenital
malformations due to exposure to teratogenic agents. Similarly, a study by Charlotte et al.
(2015) in Cameroon shows that exposure to certain chemicals, including endocrine disruptors,
could increase the risk of malformations in newborns. It is also important to consider that
workers in the Bonaberi industries may be exposed to toxic substances in the workplace,
increasing the risk of birth defects in their offspring. Areas such as Sic cacao and Mobil Guiness,
where no cases of congenital malformations have been reported, are either less industrialized, or
local industries are more respectful of environmental regulations, which reduces the exposure to
the various dangers of pollution. The geographical variations observed in the prevalence of
congenital malformations in Douala highlight the need for further research to identify the risk
factors specific to each zone. It is also important to conducted detailed epidemiological studies to
assess the impact of industrial pollutants on the reproductive health of local populations.
However, although most studies support this trend, some work, like Amar (2017), suggest that
other socio-economic and environmental factors, such as lifestyle, access to healthcare and
dietary habits, may also play a determining role in the incidence of non-communicable diseases.

Limitations:

This work encountered such difficulties as accessing households, establishing relationships of
trust with local communities, and obtaining their active participation in the study.

Conclusion

Environmental pollution is a global issue that transcends the local context of Douala. It reflects a
wider public health problem faced by many growing industrial cities, particularly in developing
countries. The impacts of this pollution are multiple and upsetting, as they affect communities
living close to industrial sites. This study, carried out in the industrial zones of Douala, revealed
a significant link between residence near industries and the occurrence of health problems,
thereby calling for the integration of environmental issues in public health policies.
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